The order Rodentia is subdivided into two suborders, the Sciurognathi and the Hystricognathi. Within the Sciurognathi, the shortwavesensitive (SWS1) class of visual pigments is ultraviolet-sensitive (UVS) amongst the largely nocturnal murine species, whereas violet-sensitive (VS) pigments are thought to be present in diurnal ground and tree squirrels [ Figure  1A ). VS pigments are also found in both orders, in the guinea pig (Hystricognathi) and several species of ground and tree squirrels (Sciurognathi), although the evidence for VS pigments in the latter species comes from indirect methods [1,2] and the yellow pigmented lens in these species may have biased the estimate towards longer wavelengths. The λ λ max of the SWS1 pigment may be therefore significantly shorter. Vision in these diurnal species is highly adapted to a diurnal lifestyle, with a cone-dominated retina that contrasts with the rod-dominated retinae of most other mammals.
increased to three classes either by a LWS gene duplication [7] or polymorphism [8] . The SWS1 pigments have peak sensitivities (λ λ max ) from 355 nm in the ultraviolet to >430 nm in the violet region of the spectrum. Within the rodents, UVS pigments are found mainly in the Sciurognathi, in species such as the house mouse, rat, Siberian hamster, pocket gopher and gerbil, but two species of the Hystricognathi, the cururo and degu, also have UVS pigments [9] , demonstrating that the ancestral UVS pigment is retained in these lineages ( Figure  1A ). VS pigments are also found in both orders, in the guinea pig (Hystricognathi) and several species of ground and tree squirrels (Sciurognathi), although the evidence for VS pigments in the latter species comes from indirect methods [1, 2] and the yellow pigmented lens in these species may have biased the estimate towards longer wavelengths. The λ λ max of the SWS1 pigment may be therefore significantly shorter. Vision in these diurnal species is highly adapted to a diurnal lifestyle, with a cone-dominated retina that contrasts with the rod-dominated retinae of most other mammals.
The full length SWS1 coding sequence was amplified by PCR Table 1 Figure  2B , both species have Tyr86, implying that a UVS pigment is not present in flying squirrels. But in P. volans, a 9 base-pair deletion removes residues 93-95 in α α helix II. To confirm that this deletion would preclude pigment formation, it was introduced into the grey squirrel opsin for in vitro expression: as shown in Figure  2C , no absorbance peak is present after the addition of 11-cis-retinal. The opsin gene for G. sabrinus also has a deletion, removing residues 77 and 78, plus a single nucleotide frameshift deletion at base-pair 300.
Both genes are therefore nonfunctional, indicating that flying squirrels lack colour vision. None of the observed mutations in the SWS1 gene is shared between the two flying squirrel species so it is possible that the loss of function arose separately in the two species after geographic isolation. Common changes may, however, be present in other regions of the gene. Flying squirrels have a very roddominated retina and, consistent with the above observations, the only cones that have been detected by ERG flicker photometry have a peak sensitivity at about 512 nm (compared to 543 nm in the tree squirrel) with no evidence for a SWS class (reviewed in [11] ).
The absence of a functional SWS1 pigment in mammals is not unique: it is very common in marine mammals and is also found in two species of primate, three species of carnivore and several species of rodent [9] . Interestingly, all the terrestrial mammals that have lost the SWS1 opsin are nocturnal, which suggests that colour vision is not critical for fitness. The loss of the SWS1 pigment appears linked therefore to nocturnality, but the reverse is not true since most nocturnal animals retain a functional SWS pigment. 
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